Caldwell and Toti deserve the credit for describing the endonasal and external approaches to dacryocystorhinostomy (DCR).\[[@ref1][@ref2]\] More than a century after it was first described external (Ext)-DCR has undergone several minor modifications to gain wide acceptance among ophthalmologists as the treatment of choice for nasolacrimal duct obstruction (NLDO). Unfortunately, endonasal DCR fell out of favor in the first half of the 20^th^ century owing to difficulties encountered in the visualization of the nasal cavity with the then available instrumentation. Interest in endonasal DCR saw a resurgence around 1970 with the availability of rigid and subsequently fiber-optic imaging systems. Many ophthalmologists prefer external over endonasal DCR because they are not familiar with the nasal anatomy. In 1990 Massaro et al. described the ingenious technique of transilluminating the lacrimal sac with a vitrectomy light pipe in cadavers and rekindled interest in endonasal DCR.\[[@ref3]\] In the last two decades, the available technology and surgical technique of endonasal DCR have evolved. The main advantages of endonasal DCR include the absence of a visible scar, minimal postoperative morbidity, faster recovery, and success rates (\>90%) comparable to that of Ext-DCR.\[[@ref4][@ref5][@ref6][@ref7][@ref8]\] We report the experience of a single surgeon in 134 eyes after nonlaser, non-endoscopic endonasal (NEN)-DCR at a Tertiary Eye Care Center in India.

Methods {#sec1-1}
=======

This was a retrospective, noncomparative interventional study of all consecutive patients who underwent NEN-DCR between July 2012 and October 2014. The study adheres to the Declaration of Helsinki 1975 and was initiated after getting approval from the Institute Ethics Committee. In all patients, regurgitation of mucopurulent material on pressure over the lacrimal sac was assessed to diagnose NLDO. In those who had no regurgitation on pressure, a diagnostic irrigation and probing were performed. All patients were counseled and offered to choose between endonasal and Ext-DCR. This series includes those who opted for endonasal DCR surgery. Those children who had persistent congenital NLDO after one or more failed attempts of probing were also included in this series. All patients were asked about a history of nasal blockage and bleeding. A basic nasal examination was done in the clinic to rule out gross pathology involving the nose. All surgeries were performed by a single surgeon after formal training in the technique.

The technique of NEN-DCR was similar to that described by Dolman \[Fig. [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\].\[[@ref4]\] Surgery was performed under local anesthesia (LA) or general anesthesia (GA) based on the preference of the patient and a comprehensive systemic examination. After punctal dilation with a Nettleship dilator, a 23-gauge vitrectomy light pipe was gently introduced through the upper canaliculus until a hard stop was felt \[Fig. [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\]. A nasal speculum with 5 cm long blades and a guard was introduced into the nasal cavity. A myringotomy sickle knife was used to incise the lateral nasal mucosa showing the transillumination effect. The incision for the mucosal flap was begun 8 mm above the insertion of the middle turbinate and then carried out vertically or in a curvilinear fashion down to the bone. A freer periosteal elevator was used to elevate the incised nasal mucosa and expose the frontal process of the maxilla. The posteriorly-hinged nasal mucosal flap was excised with Weil-Blakesley forceps. With the use of a 3 mm forward-biting straight Kerrison rongeurs, the thick bone of the frontal process of the maxilla was sequentially removed, and the osteotomy was gradually enlarged \[Fig. [2c](#F2){ref-type="fig"} and [d](#F1){ref-type="fig"}\]. An ostium was considered to be of an optimum size and position if it allowed easy passage of a horizontally directed light pipe from the lower canaliculus into the lacrimal sac. Finally, the medial wall of the lacrimal sac was incised with a myringotomy sickle knife to create a marsupialized sac \[Fig. [2e](#F2){ref-type="fig"}--[g](#F2){ref-type="fig"}\]. Irrigation through the lower canaliculus confirmed patency of the drainage system \[Fig. [2h](#F2){ref-type="fig"}\]. Mitomycin C (MMC) 0.04% was applied for 3 min as per discretion of the surgeon. Bi-canalicular silicone tubes were introduced and secured in all patients.

![(a) Surgeon\'s position for performing nonendoscopic endonasal dacryocystorhinostomy; (b) instrumentation for nonendoscopic endonasal dacryocystorhinostomy](IJO-64-211-g001){#F1}

![(a) Transillumination of the lacrimal sac with the vitrectomy light pipe touching the medial wall of the nasal cavity; (b) transnasal view of the glow in the medial wall of the nasal cavity; (c) bony ostium being made with the Kerrison rongeur; (d) the lateral nasal wall shows bony ostium (small arrow) with the pale lacrimal sac mucosa showing through the ostium (arrowhead), and the nasal mucosal edge above it (large arrow); (e) transillumination of lacrimal sac after bony osteotomy; (f and g) Incision on the lacrimal sac wall with a myringotomy sickle knife; (h) free flow of viscoelastic substance stained with fluorescein through the ostium at the conclusion of surgery](IJO-64-211-g002){#F2}

The patients were seen on the 1^st^ postoperative day and at 2 weeks, 6 weeks, 3 months, and 6 months after surgery. At each visit, irrigation of the lacrimal passage was done to assess anatomical outcome and the patient was specifically asked about epiphora to assess functional outcome. Success was defined anatomically as patency on irrigation and functionally as relief from epiphora. Tubes were usually removed after 6--8 weeks of surgery and/or earlier if there was a spontaneous extrusion.

Results {#sec1-2}
=======

NEN-DCR was performed in 122 patients (134 eyes) in the study period. Surgery was performed under GA in 82/134 (61.1%) and LA in 52/134 (38.8%) patients. The mean age of the group was 37 ± 18 years (range: 3--71 years). A large majority 81 (66%) were female and procedure was performed in 69 (51%) right eyes. The indications for NEN-DCR were primary acquired NLDO in 92 (68.6%) eyes of adults, NLDO in children (\<18 years) in 22 eyes (16.4%), acute dacryocystitis in 13 (10%) eyes, failed prior DCR in six eyes, and secondary acquired NLDO in one eye \[[Fig. 3a](#F3){ref-type="fig"}\]. At a median follow-up of 6 months (range: 3--15) an overall functional success (relief from epiphora) was achieved in 116/134 (86.5%) eyes and anatomical success (patency on irrigation) in 93/109 (85.3%) eyes after primary NEN-DCR.

Eighteen eyes had persistent epiphora after primary surgery. Revision NEN-DCR was performed in 16 eyes at a median interval of 142 days after primary surgery. In 10/16 (62.5%) eyes at revision, the ostium was obstructed by dense granulation tissue which was excised and MMC 0.04% applied for 3 min followed by bi-canalicular intubation. Overall, after revision surgery, 13/16 (81%) eyes were relieved of epiphora. Finally, functional success was achieved in 129/134 (96.2%) eyes and anatomical success in 106/109 (97.2%) eyes at a median follow-up of 7 months (range: 3--15 months).

Of the three patients who failed revision, one was found to have a residual bone at the ostium which was removed followed by MMC and silicone tubes. He complained of persistent epiphora 6 months after revision and opted out of any further intervention. Remaining two patients had a canalicular obstruction. In one, a conjunctivodacryocystorhinostomy was done which failed subsequently and the other patient declined further intervention. Among patients who had successful revision was a 43-year-old female who presented with an inflamed mucocele before primary surgery. Six months later she complained of recurrent swelling in the lacrimal sac region and foul smelling discharge in her mouth when the pressure was applied on the swollen lacrimal sac. As there was patency on irrigation she was diagnosed to have "sump syndrome." Revision surgery showed a superiorly placed ostium with granulation tissue seen inferiorly. This was removed followed by MMC application and intubation. Six months later she was symptom-free.

The mean duration of surgery was 36 min (range: 16--92 min). All patients with acute dacryocystitis were completely symptom-free at the final visit. In children, 17/22 (77.2%) achieved functional success after primary NEN-DCR, which improved to 100% after revision. MMC 0.04% was used in seventy patients and not used in 64 patients. Comparison of outcome with and without MMC application \[[Fig. 3b](#F3){ref-type="fig"}\] did not show a statistically significant difference (odds ratio: 1.99, 95% confidence intervals: 0.64--6.92, *P* = 0.21 using Fischer\'s exact test).

![(a) Bar diagram showing indications of nonendoscopic endonasal dacryocystorhinostomy in our study (N-134); (b) odds ratio plot showing no association between mitomycin C use and surgical success rate; (c) bar diagram showing complications of nonendoscopic endonasal dacryocystorhinostomy in our study (N-134)](IJO-64-211-g003){#F3}

A univariate analysis for risk factors predictive of failure included age, gender, presence of regurgitation on pressure, indication for NEN-DCR, and right/left eye. None was found to be statistically significant by Pearson Chi-square test. Complications included failure after the primary procedure in 18/134 (13.4%) eyes, tube-related complications in ten (7%) eyes (tube extrusion in seven, tube-related epiphora in two, and tube-related canaliculitis in one), and sump syndrome in one patient \[[Fig. 3c](#F3){ref-type="fig"}\]. Most tube-related complications resolved after removal of the tube.

Discussion {#sec1-3}
==========

NEN-DCR retains the benefits of an endonasal approach and can be done without using expensive video-endoscope or laser systems. Our experience in 134 eyes at Tertiary Eye Care Center in India showed NEN-DCR had a good outcome and acceptable safety profile.

In a large comparative series of 354 patients reported by Dolman in 2003, comparable success was achieved in 89.1% of NEN-DCRs versus 90.2% in traditional Ext-DCR.\[[@ref4]\] Further, 90% of patients who underwent revision NEN-DCR achieved success and complete relief from symptoms in the above series of patients.\[[@ref4]\] In 2009 Razavi et al. reported a combined symptomatic relief and anatomic patency in 96% patients in a series of 99 NEN-DCRs performed in 95 patients.\[[@ref9]\] Our success after primary NEN-DCR was 86% (116/134) and this improved to 96% (129/134) after one revision in 16 patients. This outcome was comparable to that reported by Dolman (89%) and Razavi et al. (96%) \[[Table 1](#T1){ref-type="table"}\].\[[@ref4][@ref9]\]

###### 

Summary of nonendoscopic endonasal dacryocystorhinostomy studies done till date
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While a majority of NEN-DCR was performed under GA around 40% of patients underwent the procedure under LA. This is interesting as most groups prefer performing endonasal DCR under GA.\[[@ref9][@ref10]\] While patient preferences for local or GA may vary, the fact that a significant number of NEN DCR was performed under LA makes the technique suited for developing regions.

Ophthalmologists often prefer external over endonasal DCR as many ophthalmologists are not familiar with the nasal anatomy. This is primarily responsible for a longer learning curve in the endonasal approach. Preechawai studied the learning curve of NEN-DCR.\[[@ref10]\] Seventy-five NEN-DCRs were performed by the author who had no prior training in nasal endoscopy and by residents under his supervision. The functional success rate in their study was 74.7% and anatomical patency was 92%.\[[@ref10]\] Onerci et al. observed that success of endoscopic DCR could range from 94% in the hands of experienced surgeons to 58% in inexperienced hands.\[[@ref11]\] The above studies may point toward a steeper learning curve for NEN-DCR compared to the gradual learning in endoscopic DCR.\[[@ref10][@ref11]\] The simpler instrumentation and lacrimal sac transillumination in NEN-DCR may be responsible for easier learning of the technique.

Acute dacryocystitis is a suppurative inflammation of lacrimal sac. Conventional management of acute dacryocystitis included conservative treatment followed by Ext-DCR after quiescence of several weeks.\[[@ref12][@ref13]\] Ext-DCR is not preferred in acute dacryocystitis due to the potential risks of exacerbation and spread of infection, associated surgical difficulty and unpredictable scarring.\[[@ref14][@ref15][@ref16]\] In addition, the disadvantages of conservative management include prolonged and recurrent infection, cutaneous scar or fistula formation, and risks of failure of subsequent lacrimal surgery because of scarring or granuloma formation in the sac.\[[@ref16][@ref17][@ref18][@ref19][@ref20]\] Acute dacryocystitis is an indication for endonasal DCR. In our series, all patients with acute dacryocystitis had a good outcome. Other authors like Razavi et al. have reported similar results.\[[@ref9]\]

In children, the lacrimal sac is usually anterior to the middle turbinate because the agger nasi cells are not well pneumatized, and the ascending process of the maxilla is minimally differentiated. These characteristics of the pediatric nasal anatomy facilitate access to the lacrimal sac. However, introducing the instruments to the nasal cavity and performing the surgery are more difficult due to the narrow nasal passages and vestibules. The few studies available in the literature for endonasal endoscopic DCR in the pediatric population have reported a success rate ranging from 76% to 94.4%.\[[@ref21][@ref22][@ref23][@ref24][@ref25]\] To the best of our knowledge, no previous studies have reported the outcome of NEN-DCR in children. Our primary outcome in children (77%) was comparable and this significantly improved after one revision. Thus, NEN-DCR appears to be a safe alternative for the management of refractory NLDO in children.

A large meta-analysis of 850 patients reported by Xue et al. in 2014 failed to show a significant beneficial effect of MMC application in primary endonasal DCR. However, MMC was shown to significantly lower the failure rates in primary Ext-DCR and revision endonasal DCR.\[[@ref26]\] This discrepancy in the beneficial role of MMC can only be explained by the varied concentration and duration of MMC application in the patient groups included in the meta-analysis. While our result aligns with the current body of evidence, the role of MMC in primary NEN-DCR will only be known with randomized controlled trials with adequate sample size.

NEN-DCR is a relatively safe procedure with few serious complications reported.\[[@ref4][@ref9][@ref10]\] Unlike Ext-DCR, the average intraoperative bleeding is minimal in NEN-DCR.\[[@ref9]\] More serious but rare complications reported are orbital fat prolapse, medial rectus incarceration, orbital and subcutaneous emphysema, conjunctival fistula formation, and retrobulbar hemorrhage.\[[@ref9][@ref10]\] None of these major complications were seen in our series. Tube-related complications include punctal erosion, granuloma formation, and spontaneous extrusion.\[[@ref9]\] However, most of these resolve after removal of the tube as was seen in our series.

Conclusion {#sec1-4}
==========

NEN-DCR has a good outcome in primary NLDO, acute dacryocystitis, and children with NLDO. Transillumination of the lacrimal sac makes learning easier even for a novice surgeon. It can be performed without expensive instrumentation and therefore may be particularly suited for the developing nations.
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